Abstract: Recent empirical research found that the strong short-term relationship between monetary aggregates and US real output and inflation, as outlined in the classical study by M. Friedman and Schwartz, mostly disappeared since the early 1980s. In the light of the B. Friedman and Kuttner (1992) information value approach, we reevaluate the vanishing relationship between US monetary aggregates and these macroeconomic fundamentals by taking into account the international currency feature of the US dollar. In practice, by using official US data for foreign flows constructed by Porter and Judson (1996) we find that domestic money (currency component of M1 corrected for the foreign holdings of dollars) contains valuable information about future movements of US real output and inflation. Statistical evidence here provided thus suggests that the Friedman and Schwartz's stylized facts can be reestablished once the focus of analysis is back on the domestic monetary aggregates.
Introduction
One of the longstanding empirical problems in macroeconomics has been whether money has a significant and stable relationship with aggregate output and inflation. For decades, the classic work by M. Friedman and Schwartz (1963) has been the benchmark for those who wanted to assess the impact of monetary policy on macroeconomic variables in the United States. They found over a period of nearly one hundred years (1867-1960) a strong short-run positive correlation between the money growth rate and real economic activity in the US. They argued firmly that for the US higher growth in monetary aggregates led to higher output growth (above the trend) and higher inflation.
Recent empirical research, instead, provides somewhat puzzling evidence on the aforementioned relationships 1 . In their influential study, B. Friedman and Kuttner (1992) report some in-sample statistical evidence suggesting that after around 1982 the relationship between the changes in the monetary aggregates and aggregate output collapsed. On the other hand, short-term interest rates were documented to contain valuable lead-information on nominal and real output.
Remarkably, recent literature suggests that monetary aggregates as well as short-term interest rates are very poor indicators for US inflation over the last two decades.
The change in the statistical pattern between monetary aggregates and macroeconomic fundamentals led to a major shift both in policy and research focus. A vanishing relationship between money and output gave scholars confidence in the consistency of the Federal Reserve's focus on the interest rate policies. Consequently, current monetary research concentrates on short-term interest rates, such as the US Federal funds rate, in analyzing US monetary policies.
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In this paper it is argued that the international currency feature of the US dollars generates substantial noise when monetary aggregates are used to assess domestic macroeconomic conditions.
The crucial question that arises here is the extent by which correcting the US monetary aggregates for the foreign holdings component affects the stylized facts on monetary aggregates and macroeconomic variables. Jefferson (2000) provides a quantitative assessment of the importance of accounting for foreign holdings of US currency for the nominal income in the context of McCallum monetary base rule for the period 1981:1-1995:4. He finds that the foreign holdings corrected monetary base has more exploratory power for changes in nominal income than when the total base is used. In this paper, we focus on two other key macroeconomic fundamentals, real output and inflation. We use US official data for foreign flows that were constructed by Porter and Judson (1996) for the period 1965:1-1998:2 to correct the monetary aggregates for US dollars held abroad. We find that in part the apparent lack of a significant relationship between monetary aggregates on one side and US real output and inflation on the other is due to the presence of substantial and unstable foreign holdings of the US dollar, which are largely unaccounted for.
Our research is hereby explicitly centered on establishing statistical relationships between these variables. Since the seminal work of Poole (1970) it is well known that only in a frictionless economy money supply and interest rate policies would be equivalent. However, in an economy For the purpose of analysis we rely on the information value approach introduced by Sims (1972 Sims ( , 1980 . The information value approach allows us to address the issue on whether there is some reliable relationship between output, prices, and money, or other potential instruments, such as interest rates. It is important to stress that the information value approach, as a first test of statistical connection between certain variables, is immune to questions of causality, exogeneity or controllability of potential instruments. In Friedman and Kuttner's own words (1992, p. 474):
As long as movements in money do contain information about future movements in output beyond what is already contained in movements in output itself, monetary policy can exploit that information by responding to observed money growth regardless of whether the information it contains reflects true causation, reverse causation based on anticipations, or mutual causation by some independent but unobserved influence.
Although the most common method of identifying potentially useful predictors is to rely on insample Granger causality tests and variance decompositions, considered alone these provide no assurance that the identified relationships are stable. As emphasized by Stock and Watson (2001) in-sample statistical evidence should be complemented by formal tests to investigate whether the potentially useful predictors are stably related to the variable under investigation.
Evidence provided in this paper suggests that the Friedman and Schwartz's stylized facts on the close correlation between monetary aggregates and future fluctuations in real output and inflation can potentially be reestablished once the focus of analysis is set back on the "domestic money". The domestic monetary aggregate, i.e. monetary aggregate corrected for the foreign holdings of US dollars, contains significant information for US real output and inflation.
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The paper is organized as follows. Section 2 provides the intuition behind the relevance of the monetary aggregates corrected for the foreign holdings of US dollars and presents the official data constructed by Porter and Judson (1996) . Section 3 presents the entire dataset used in the paper. Section 4 reevaluates the usefulness of domestic money and several other financial indicators as information variables in light of Granger causality tests. Section 5 presents stability tests. Section 6 assesses the information content of domestic money and other monetary aggregates in the presence of Federal Funds rate. Section 7 discusses results of a vector autoregression exercise and corresponding variance decompositions. Finally, Section 8 concludes.
Foreign Holdings of US Dollar
The US Dollar is the most important international currency. On the left hand-side of Figure 1 we present the flow estimate of US dollars abroad at an annual frequency. On the right hand-side, we present the ratio of changes in the foreign holdings abroad to the total change in the currency component of M1 on an annual basis (calculated as 100× [flows abroad/change in M1 currency component]). As we observe, the flows of US dollars abroad were increasing in an unstable way over the period . The flows of US currency abroad are much higher in the nineties as compared to the previous decade. However, what really matters is the ratio of foreign flows to changes of the currency component of M1. If this ratio were constant over time, the lack of correction for foreign flows would not affect the relevance of the total monetary aggregate. In other words, in this case the percentage change in the total money in circulation would exactly be equal to the percentage change in domestic money. 9 On the other hand, if the ratio of foreign flows to changes of the currency component of M1 is large and unstable, the use of the uncorrected money growth rates in assessing domestic economic conditions will very likely lead to spurious evidence. Therefore, the right hand figure provides us with very interesting visual evidence. It indicates that the ratio of foreign flows to changes of the currency component of M1 is large, unstable, and steadily increasing.
To assess empirically the importance of foreign holdings of the US dollars, a "corrected" monetary aggregate must be newly constructed. We opt to correct M1 currency component for foreign holdings in order to obtain a realistic measure of the US domestic narrow money supply. It is 7 a simple monetary aggregate not based on estimations so that its amount is determined and precisely known by the monetary authority. Not surprisingly, Porter and Judson (1996) Left-hand side of Figure 2 shows the stock of foreign holdings for different initial level assumptions for 1964:4 (ranging from 0% to 40%). While the right hand side of Figure 2 displays quarterly growth of domestic currency for alternative assumptions on the initial level of the foreign holdings (ranging from 0% to 40%) for the period 1965:2-1998:2. As we observe after the beginning of the 1980's the small discrepancy in growth rates due to the initial level assumption diminishes and we obtain nearly a single series for the domestic money growth rate irrespective of this assumption.
Data
The quarterly data covers the time period 1965:1-1998:2. 12 We will study the following macroeconomic fundamentals (in natural log differences): real output represented by real GNP and inflation represented by the GNP deflator. 13 In line with Friedman and Kuttner (1992) we select two categories of financial variables to assess the fluctuations of the macroeconomic variables we 11 As noted by Anderson and Rasche (2000) the assumption of 40% of the total M1 currency component being held abroad in the sixties is highly implausible. As an example in 1960 the 40% of the total M1 currency component equals the sum of all $100 and $50 notes plus about one-half of $20 notes in circulation at that time (see Banking and Monetary Statistics 1941-1970) . Therefore, the assumption of 40% of the total M1 currency component being held abroad in 1964:4 may be treated as a maximum threshold for the amount of foreign holdings in 1964:4 while the 0% assumption constitutes the natural minimum level. 12 Detailed data descriptions and source references are tabulated in Appendix. 13 The series in the log difference form are multiplied by 400 to obtain annual percentage growth rates. 
Granger Causality Tests
This section presents the Granger causality tests for alternative financial variables in the real output and inflation regressions. The question of stability of the investigated relationships is taken up next.
The autoregressive specification for real output changes and inflation follows exactly Friedman and Kuttner (1992) based on Sims (1972) . The three-variable specification for real output changes (∆y) is given by:
where ∆y, ∆p, and ∆m are the growth rates of real output (one-quarter log differences of real GNP 10 in annual terms), inflation (one-quarter log differences of GNP deflator in annual terms), and the change in the financial variable we will use (the one-quarter growth rate of the monetary aggregate or the one-quarter difference of the short-term interest rate measure in annual terms), respectively.
The three-variable specification for inflation takes the following form:
where now ∆p, ∆y, and ∆m are inflation (the one-quarter log difference of GNP deflator in annual terms), the growth rate of real output (the one-quarter log difference of real GNP in annual terms), and the change in the financial variable we will use (the one-quarter growth rate of the monetary aggregate or the one-quarter difference of the short-term interest rate measure in annual terms), respectively. In the period 1980:1-1998:2, all short-term interest rates display a high predictive content for the real output. Similar to the entire sample period, we find that M2 is significant although now at the 5% level. Other standard monetary aggregates, including Board of Governors monetary base, exhibit no significant predictive content for the output movements in the sample period 1980:1-1998:2.
Evidence reported in Table 1 confirms Friedman and Kuttner study (1992) indicating the collapse of the information content of monetary aggregates after the 1980's. In contrast to the poor performance of the narrow monetary aggregates in the recent period, the new indicator variable, domestic money, contains highly significant predictive content for the real output (at the 1% level).
Inflation: Now, we turn our attention to US inflation. Over the entire sample period 1966:2-1998:2 we find very few financial variables containing significant information value for future fluctuations in the inflation rate, corroborating the results of Friedman and Kuttner (1992) . Federal funds rate contains significant information at the 10% level. Among the s tandard monetary aggregates, only the Board of Governors monetary base is significant (at the 10% level). On the other hand, domestic money for various assumptions on the initial level contains significant information for future fluctuations in inflation (at the 5% level).
In the period 1980:1-1998:2, none of the financial indicators, be it short term interest rates or standard monetary aggregates, contain significant predictive content for US inflation. In contrast to the poor performance of all the standard financial variables over the period of recent two decades, domestic money is highly significant in the inflation equation (at the 1% level).
Stability Tests
In order to be able to make valid inferences based on the estimated Granger causality specifications the relationships should be stable over time. Therefore, it is of particular importance to investigate whether the financial variables characterized by the significant Granger causality statistics are stably related to output and inflation movements.
To analyze the stability of the output and inflation relationships we conduct several exercises [Insert Figure 5 ] In the case of real output reported p-values from rolling regressions give support to the evidence provided in Table 1 . Domestic money displays significant information content for the sample periods ending beyond the early eighties. In contrast, all the standard monetary aggregates, except M1 and M2, exhibit an insignificant relationship with real output. Figure 5 indicates that the interest rates contain significant information content to explain real output. Louis.
In the case of inflation, we reject the null of stability for the coefficients of both monetary base measures and M1 currency component. The hypothesis of coefficients stability for domestic money is not rejected for various initial level assumptions, the only exception being domestic money with 0% initial level assumption where sup-Wald and exp-Wald indicate the rejection of the stability at the 5% significance level.
Out-of-sample forecasting. In Table 3 we present the root mean squared errors (RMSE) results for the one step ahead out of sample predictions. We split the entire sample period in two equal parts of sixteen years (64 versus 65 observations). Therefore, the first initial estimation is performed for the 1966:2-1982:1 period. Then we expand our sample by adding recursively subsequent observations. We make one-quarter ahead predictions for the real output and inflation.
The predictions are made for the quarters ranging from 1982:2 till 1998:2.
[Insert Table 3 ] As it emerges from We conclude this section by stating that the results presented in the Granger Causality tests and subsequent in-sample and out-of-sample stability tests do not reject the hypothesis of significant and stable information content of domestic money in explaining U S real output and inflation fluctuations.
Performance of Monetary Aggregates in the Presence of the Federal Funds Rate
As a next step we provide a further analysis on the information content of the financial variables in the light of Granger causality tests. We will assess whether the monetary aggregates contain any significant information value in the presence of the short-term interest rate in real output and inflation specifications. We reestimate the Granger causality specifications (2) to (3) 
Vector Autoregressions
The reported statistical significance of domestic money in the Granger causality specifications is not the only criterion in assessing the information value of this monetary aggregate. Another important criterion used in the information value approach is the ability of a given financial variable to account for the forecast error variance of real output and inflation over a certain horizon.
Following Friedman and Kuttner (1992) we investigate the magnitude of predictive content of financial variables using the methodology provided by Sims (1980) . More specifically, we estimate unconstrained VAR representations for real output and inflation in which we include the alternative financial variables one at a time. We use four lags for each variable considered in the unrestricted VAR. Therefore, each right-hand side representation of real output and inflation, which constitutes a given autoregressive system, is identical to the corresponding right-hand side of the Granger causality specification.
Tables 5 and 6 display the share of the variance of real output and inflation, with the approximate 90-percent confidence bounds, attributed to the alternating financial variables included in the VAR representations. In our estimations ordering does not affect results in a significant manner due to the low correlation among the residuals of the estimated VAR specifications. For the sake of consistency with the Granger causality tests we consider two sub-samples. The first period ranges 20 from 1966:2 to 1998:2 and the second period from 1980:1 to 1998:2. We focus our attention on the four, eight and twelve quarters forecast horizons.
[Insert Table 5 ] Real Output: Table 5 period, all shares of real output forecast error variance attributed to the interest rates are statistically significant (with the notable exception of spread). The Federal funds rate, the 3-month Treasury bill and the 3-month commercial paper do account for a larger share of real output forecast error variance than the monetary aggregates do.
[Insert Table 6 ] Inflation: Table 6 presents analogous forecast error variance decompositions for inflation. In the entire sample period, 1966:2-1998:2 all interest rates, as well as standard monetary aggregates, perform rather poorly. The shares of inflation forecast error variance attributed to the standard financial variables are insignificant at all forecast horizons and in most cases very small. In contrast to the poor performance of the standard financial variables, domestic money accounts for a substantial percentage of the inflation forecast error variance over the entire sample period. The share of the inflation forecast error variance attributed to domestic money is also significant at twelve quarters.
In the 1980:1-1998:2 period, the performance of the short-term interest rate measures and the standard monetary aggregates is similar to their performance over the entire sample period.
Again, the shares of inflation forecast error variance attributed to standard financial variables are insignificant at all forecast horizons and in most cases very small. Similar to the entire sample period, domestic money accounts albeit not significantly for a substantial part of the forecast error variance decomposition for inflation. As in the case of real output forecast error variance decomposition, the shares of inflation forecast error variance attributed to domestic money and their approximate standard errors are very similar across the different assumptions on the initial level of foreign holdings.
22
To highlight the performance of domestic money compared to the standard financial variables we present graphical representation of the attributed percentages of forecast error variances for real output and inflation (up to twelve quarters forecast horizon). Figure [Insert Figure 8 ] As Figure 8 shows, in both sample periods, domestic money accounts for the highest share of attributed inflation forecast error variance over longer horizons compared to the standard financial 20 Note that all results for domestic money hold irrespective of the alternative initial level assumptions (see Tables  5 and 6 ).
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variables. Figures 7 and 8 clearly show that the performance of domestic money is very similar across the different assumptions on the initial foreign holdings.
For the sake of completeness, Figure 9 shows the impulse responses of real output and inflation to one standard deviation of domestic money. The impulse responses are generated from the corresponding unrestricted VAR systems. We present only the impulse responses for the 0% initial level assumption. Alternative assumptions on the initial level of foreign holdings do not affect the impulse responses in a substantial way. Again, we focus on the two sample periods, 1966:2-1998:2 and 1980:1-1998:2. As we have already mentioned, the ordering of variables is of negligible importance.
[Insert Figure 9 ] Figure 9 indicates that the impulse responses of real output to domestic money are very similar across both sample periods. The same holds for the impulse responses of inflation. Figure 9 shows that the impulse responses of real income to domestic money in both sample periods are positive at most forecast horizons, albeit not significantly different from zero 21 . The corresponding impulse responses of inflation are positive in both sample periods, except in the second quarter. The response of inflation to domestic money is also significantly larger from zero (at the 5% level) at longer horizons in the 1966:2-1998:2 sample period.
Concluding Remarks
In this paper we reevaluate the well-known evidence on the vanishing information content of Tests are significant at the * 10 percent; ** 5 percent; *** 1 percent. Critical values for the sup-Wald statistics are tabulated in Andrews (1993) . Critical values for the mean-Wald and the exponential average Wald statistics are tabulated in Andrews and Ploberger (1994) . Real Output Equation 1965 1970 1975 1980 1985 1990 1995 P -V a lu e s: R e al O u tp u t G ra n ge r C a us al ity S tatis tics S a m pl es : 1 9 6 6 :2 -1 9 9 8 :2 , 1 96 6 :3 -1 9 9 8 :2 , 1 9 6 6 :4 -1 9 9 8:2 , 1 9 6 7 :1 -1 9 9 8 :2 ...1 9 8 8 :2 -1 9 9 8 :2 P -V al u es: Re a l O u tp u t G ra n ge r C a us al ity S tatis tics Sa m p le s: 1 9 6 6 :2 -1 9 7 6 :2 , 1 96 6 :2 -1 9 7 6 :3 , 1 9 6 6 :2 -1 9 7 6:4 , 1 9 6 6 :2 -1 9 7 7 :1 ...1 9 6 6 :2 -1 9 9 8 :2
Figure 3b
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Figure 4a P -V a lu es : In fl atio n G ra n ge r C au s ali ty S ta tistic s S a m pl es: 1 9 6 6 :2 -1 9 9 8 :2 , 1 9 6 6 :3 -1 9 9 8 :2 , 1 9 66 :4 -1 9 9 8 :2 , 1 9 6 7 :1 -1 9 9 8 :2 ...1 9 8 8 :2 -1 9 9 8 :2 P -V a lu es : In fl atio n G ra n ge r C au s ali ty S ta tisti cs Sa m p le s: 1 9 6 6 :2 -1 9 7 6 :2 , 1 96 6 :2 -1 9 7 6 :3 , 1 9 6 6 :2 -1 9 7 6:4 , 1 9 6 6 :2 -1 9 7 7 :1 ...1 9 6 6 :2 -1 9 9 8 :2 P -Va lu e s: R ea l O u tpu t C au s al ity S tati stics Ro ll in g S a m ple s: 1 9 6 6 :2 -1 9 8 1 :1, 1 9 6 6 :3 -1 9 8 1 :2 , 19 6 6 :4 -1 9 8 1 :3 ...1 98 3 :3 -1 9 9 8 :2 P -V a lu es : In fla tio n G r an g er C au sa li ty S tati stics R o lli ng S am p le s: 1 9 6 6 :2 -1 9 8 1 :1 , 1 9 6 6 :3 -1 9 8 1 :2 , 1 9 6 6 :4 -1 98 1 :3 ...1 9 8 3 :3 -1 9 98 :2 Note: Dashed straight lines indicate %5 and %10 significance levels for p-values.
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